Introduction: This study evaluated the performance of an in-house nested-PCR system for the detection of the Mycobacterium tuberculosis complex in pleural fl uid, blood and urine samples from pleural effusion tuberculosis patients by health services physicians in Pernambuco, Brazil. Methods: A prospective double-blind study with 37 hospitalized patients of both sexes, aged over 15, was used to investigate the diagnosis of pleural effusion. The criteria used to defi ne the cases included the demonstration of bacillus in biological samples by smear or culture or by a granulomatous fi nding in the histopathological examination, associated with an evident response to specifi c treatments to each clinical situation. Pleural fl uid, blood and urine samples were collected and subjected to routine tests and the nested PCR technique to assess for M. tuberculosis amplifi cation. Results: In total, 37 pleural effusion patients took part in the study, of whom 19 (51.3%) had tubercular etiologies and 18 (48.7%) had etiologies from other causes. When the pleural fl uid, blood and/or urine sample in-house nested-PCR sensitivities were evaluated simultaneously, the results were positive regardless of the biological specimen (the sensitivity was 84.2%); however, when the blood and/or urine samples were analyzed together, the sensitivity was 72.2%. When the pleural fl uid samples were evaluated alone, the sensitivity was only 33.3%. Conclusions: The performance of the diagnostic pleural tuberculosis nested-PCR was directly related to the diversity of the samples collected from the same patient. Additionally, this study may identify a need to prioritize non-invasive blood and urine collection for this diagnosis.
INTRODUCTION

According to World Health Organization (WHO) data from 2011, Brazil ranks 19
th for the highest amount of worldwide tuberculosis (TB) cases. Furthermore, 22 nations account for 80% of all worldwide TB cases; of these nations, Brazil is the only Latin American country on the list 1 . In 2010, 10,170 new extrapulmonary TB cases were recorded in Brazil, which corresponded to 14% of the TB cases in the country. Additionally, 531 of these new cases occurred in the State of Pernambuco
.
However, these fi gures are much lower than the WHO estimates and are thus evidence of diagnostic defi ciencies, under-notifi cations and the ineffi ciency of disease control programs, especially regarding the extrapulmonary form of TB 3 . Additionally, while the extrapulmonary TB distribution in the country is uneven, most reported cases are mainly concentrated in the Southeast and Northeast 4 .
Pleural TB is the main manifestation of the extrapulmonary disease in adults and is also a frequent cause of pleural effusion (PE), which occurs in up to 30% of TB patients 5, 6 . However, these frequencies vary in different countries in accordance with disease prevalence and positive human immunodefi ciency virus (HIV) serologies 7, 8 .
Due to the paucibacillary nature of pleural TB, its diagnosis has emerged as a major challenge 9 . These diagnoses are usually made by clinical and radiological fi ndings, although the fi ndings are nonspecifi c. Conventional laboratory examinations include direct searches for Ziehl-Neelsen stain Mycobacterium tuberculosis, an assessment of cultures from biological samples such as sputum/ pleural fl uid and pleural biopsies, and histopathological pleural examinations for granulomatous lesion detection 8, 10, 11 .
The conventional methods used for pleural TB diagnoses have limitations, such as low sensitivity, the time required to detect and identify mycobacteria and the need to conduct invasive procedures for biological sample collection, which can put patients at risk of bleeding, pulmonary edema and infections 8, [10] [11] [12] .
Additionally, pleural fl uid adenosine deaminase (ADA) and interferon gamma (IFN-γ) levels have been proposed as biomarkers that can be used for pleural TB diagnoses, although these biomarkers may be elevated in other conditions 5, 13 .
RESULTS
METHODS
Molecular tests based on M. tuberculosis genomic fragment amplifi cation are rapid and sensitive techniques that can detect less than 10 bacilli per ml in a clinical sample 14, 15 . Although conventional polymerase chain reaction (PCR) is useful for M. tuberculosis detection, the nested-PCR (nPCR) technique has greater sensitivity and specifi city for the test, indicating that it is a promising laboratory tool for diagnosing paucibacillary forms of TB, including the pleural form 6, 14, 16, 17 .
The aims of this study were to evaluate the performance of the nested in-house PCR technique for detection of IS6110 M. tuberculosis in clinical samples (pleural fl uid, blood and urine) collected from patients with suspected pleural TB, referred by Northeast Brazil public health services, and to analyze the importance of the test in diagnosis of the disease.
Patients and samples
A prospective, double-blinded study was conducted with 37 patients of both sexes over 15 years of age who were hospitalized for pleural effusion diagnosis investigations in public health facilities, either outsourced or from TB referral centers, in the State of Pernambuco, Northeast Brazil between August 2007 and August 2008. The association of clinical, epidemiological and laboratory criteria used by the health services-appointed physician is considered to be the gold standard when diagnosing TB. This diagnosis defi nition was adopted from the II Brazilian Consensus on Tuberculosis
18
. The laboratory criteria used to defi ne pleural TB cases included the identifi cation of acid-alcohol resistant bacilli (AARB) in pleural fl uid or sputum samples by smear or culture or the identifi cation of granulomatous lesions using a histopathological exam, in addition to an evident clinical anti-TB treatment response.
Biological sample collection and laboratory processing
A health services physician collected the following samples from each patient: 5.0mL of pleural fl uid in a sterile dry tube by thoracentesis, 4.5mL of blood by venipuncture using ethylenediamine tetraacetic acid (EDTA) containing tubes (Vacutainer ®, Becton and Dickson, England) and 10.0mL of urine in a sterile dry tube on three consecutive mornings. When possible, three successive and spontaneous 2-to 5-mL sputum samples were collected in the mornings, after fasting. Urine samples, but not pleural fl uid or blood samples, were initially decontaminated as per the Sechi et al. protocol 19 .
Smear
The evaluation of sputum AARB was performed using the Ziehl-Neelsen staining technique, as per the Ministry of Health guidelines 20 .
Mycobacterium tuberculosis culturing
Pleural fl uid samples, but not blood and urine samples, were collected in Lowenstein-Jensen medium containing tubes and were incubated at 37ºC for in vitro growth testing.
Mycobacterium species were identified by evaluation for growth inhibition in 500μg/mL para-nitrobenzoic acid (PNB) and thiophene-2-carboxylic acid hydrazide (TCH) containing media, along with niacin and 68°C catalase tests 20 .
Mycobacterium tuberculosis DNA extraction and purifi cation
This technique was performed using a modifi ed protocol, as fi rst utilized by Rossetti et al. 14, 21 . A water-containing negative control was included to assess any cross-contamination between the biological specimens.
Amplifi cation of the Mycobacterium tuberculosis IS1610 insertion sequence by nested in-house PCR
This test was performed using a modifi ed protocol that was fi rst developed by Ritis et al. 14, 22 . For each amplifi cation, a positive control containing deoxyribonucleic acid (DNA) extracted from the M. tuberculosis H37Rv reference strain was included, along with a negative control (Milli-Q water) to exclude the possibility of cross-contamination.
DNA detection method
Ten microliters of ethidium bromide-stained PCR products was analyzed by gel electrophoresis in 2% agarose. The electrophoresis-separated DNA bands were visualized using an ultraviolet transilluminator and were photographed with a Polaroid documentation system (Kodak MP4+ System).
Statistical analysis
The collected data were analyzed using Epi-Info 6.02 (CDC, Atlanta, GA, USA). The nPCR result associations and the gold standard results were analyzed using the sensitivity, specifi city and positive and negative predictive values (PPV and NPV, respectively) to assess the molecular system. Conclusions were made using a convenience sample and were based on a 5% signifi cance level in the study population.
Ethical considerations
The research ethics were considered and approved by the Aggeu Magalhães Research Center Ethics Committee/Fundação Oswaldo Cruz (FIOCRUZ) (CAAE: 0025.0.095.000-07).
Of the 37 pleural effusion patients evaluated in the study, 19 (51.3%) had fi nal pleural TB diagnoses, and 18 (48.7%) had pleural effusions due to other etiologies as established by the health services physician. The mean patient age in the study was 39 years (range: 15-78 years); most patients were male (57.9%), although there was no statistically signifi cant difference between the analyzed variables.
Given the pleural TB diagnosis criteria, of the 19 pleural TB patients, 10 had a pleural fragment histopathological evaluation that was compatible with granulomatous pleuritis. In two patients who had combinations of pleural and pulmonary TB, their sputum smears were positive in the three consecutive In 18 patients, another pathology diagnosis was made that accounted for the pleural effusion; because these patients had no TB-compatible laboratory fi ndings, they were considered the control group. Additionally, the following notable diagnoses were also observed: uremic pleuritis, traumatic pleural effusion, neoplastic and paraneoplastic effusions, Hodgkin's lymphoma, bronchoalveolar carcinoma, chronic liver disease, rheumatoid arthritis and chronic liver disease.
A positive pleural TB diagnosis made via in-house nPCR was verifi ed after the presence of the 316-bp amplifi ed IS6110 insertion element was noted in the analyzed biological samples (Figure 1) . The performance of the in-house nPCR in the pleural fl uid, blood and/or urine samples was evaluated in 19 pleural TB patients and 18 non-pleural TB patients who were carriers of other pulmonary pathologies. The performance of the molecular technique was examined in the following situations using the gold standard clinical, epidemiological and laboratory association criteria: a result considered positive regardless of the biological sample type collected from the patient (pleural fl uid, blood and/or urine) or a positive blood and/or urine specimen result and a positive pleural fl uid sample result (Table 1) .
DISCUSSION
In pleural TB, a biopsy followed by a histopathological study and a KB culture exam is considered to be the gold standard laboratory diagnosis of this disease. However, there are signifi cant limitations in this diagnosis method, including paucibacillary form sensitivity, the length of time required to obtain culture results, the need for patient hospitalization and the risk and discomfort inherent in the invasive biological sample collection procedures. These limitations make it diffi cult to obtain early diagnoses and to treat TB patients during daily clinical practice 12, 23, 24 . Therefore, it is necessary to develop a rapid and sensitive laboratory diagnosis method in which samples may be collected noninvasively and on an outpatient basis to assist in clinical management, to identify a larger number of cases and to reduce pleural TB morbidity and mortality 25 .
Conventional laboratory methods include direct pleural fl uid examination with Ziehl-Neelsen staining of the bacillus cultures. Of the 19 patients with pleural TB in this study, direct pleural fl uid microscopic analysis for KB assessment was conducted in only four patients, the results of which were negative. Direct examination is a rapid technique used in routine health services diagnoses and is considered inexpensive, but it requires a biological specimen bacillus concentration of 10,000/mL to obtain a positive result, with a maximum sensitivity of 5% in pleural TB 12, 20 . Additionally, studies indicate that culture examination is more sensitive; however, mycobacterial growth ranges from 14 days to 8 weeks 20 . The pleural fl uid cultures were positive in only four patients (a sensitivity of 21%). This result was likely due to the diffi culty of cultivating M. tuberculosis, bearing in mind that this technique is able to detect 10 to 100 bacilli per mL of mycobacteria in these samples 20 . The low sensitivity in pleural fl uid sample cultures was fi rst demonstrated in 1973 by Berger & Mejia 26 . This group detected mycobacteria in pleural fl uid sample cultures in only 20-30% of the patients they investigated. In our study, pleural fragment culturing after biopsy was not performed. In a Brazilian study by Lima et al. 24 , no mycobacterial growth was observed in the fragment cultures of nine pleural TB patients who had biopsies taken.
Histopathological examinations are indicated in all exudative pleural effusion cases with unknown etiologies. It is estimated that diagnoses are made in 80% of these cases, but the procedures are not risk-free [10] [11] [12] . In this study, tuberculous pleuritis diagnoses were confi rmed in ten patients (a sensitivity of 52.6%) because granulomas were observed in these patients' histopathological exams. Five patients did not undergo pleural biopsies; therefore, pleural histopathological studies could not be completed. Such situations could compromise the analysis of the results because pleural biopsy is the best available method for disease diagnosis. In all cases in which a pleural biopsy was not performed, there was some clinical impediment, such as the severity of the case or a small pleural effusion volume. The performance of a pleural biopsy by needle in the presence of little or no pleural fl uid can double the risk of pneumothorax or other complications during thoracentesis (from less than 5% to approximately 11%) 27 .
In a study by Castelo Filho et al.
18
, it was questioned whether the use of a granulomatous fi nding was useful as a diagnostic criterion in tubercular exudative pleural effusion cases of unknown etiology. The authors felt that this fi nding may lead to a presumptive diagnosis and emphasized that these diagnoses should be based on mycobacterial isolations from the pleural fl uid and sputum or in the pleural fragments. This criticism is valid in southern regions of Brazil with lower TB prevalence rates where granulomatous pleurisy is more likely to be caused by another disease (such as fungal disease, sarcoidosis or rheumatoid arthritis).
As a consequence of the various conventional laboratory method limitations for detecting M. tuberculosis, the nPCR methodology has been considered to be an alternative and auxiliary diagnostic tool that offers rapid high-specificity results while also being able to identify specifi c M. tuberculosis complex strains 6, 16, 23 .
In this study, the diagnostic performance was evaluated based on the direct detection of the IS6110 region, which is specifi c to the M. tuberculosis complex, using an in-house nPCR technique. This technique was used with pleural fl uid, blood and urine clinical samples collected from pleural effusion patients suspected of having TB. In addition to pleural fl uid, blood and urine specimens were also collected from each patient. These samples were also evaluated because they can be taken non-invasively, can be collected at an outpatient clinic and are alternative specimens that can be used in pleural TB diagnostic investigations.
The in-house nPCR technique sensitivity and specifi city results obtained in the study exhibited variations in accordance with the positivity of the different biological samples analyzed. When the in-house nPCR technique was used to evaluate the pleural fluid samples, low sensitivity was observed (33.3%) but was paired with high specifi city (94.4%). When the molecular technique was analyzed in blood and urine specimens simultaneously, however, an increase in sensitivity (63.2%) and a decrease in specifi city (72.2%) were noted. As the extrapulmonary form of the disease was assessed in this study, the bacillus should circulate in all organism fl uids, thus increasing the likelihood of detecting the bacillus DNA in other organism fl uids/tissues.
The most satisfactory results were obtained when at least one of the pleural fl uid, blood and/or urine biological samples from the same patient was considered positive based on the in-house nPCR results and had an increase in sensitivity of approximately 51% (from 33.3 to 84.2%) when compared with the pleural fl uid sample alone. In this context, despite the insuffi cient number of patients analyzed, we observed that a greater number of different biological sample types from the same patient that were subjected to the molecular test led to increases in sensitivity and the NPV. This fi nding demonstrated a tendency for a specifi c value that excluded the disease in our study population.
Of the 19 patients who took part in the study and had fi nal pleural TB diagnoses, in-house nPCR was performed on 18 pleural fl uid samples, of which only six were positive. The 12 samples that returned false-negative results in the test could likely be explained by the paucibacillary nature of the samples and because the pleural fl uid was an exudate arising from a hypersensitive reaction to the Mycobacterium 16 . Furthermore, as in other organic specimens, it is believed that pleural fl uid has inhibitory substances that can interfere with the PCR reaction, thus making it necessary to adopt procedures that can maximally and simultaneously remove those inhibitors 14, 28 . Therefore, this necessity may allow for the determination between a low copy number and the absence of the target IS6110 region in clinical isolates 29 . The inhibitors that may be present in various clinical samples include hemoglobin; polysaccharides; glycoproteins; some reagents, detergents and sample preparation solvents; nitrites; urea; crystals; anticoagulants (e.g., EDTA, heparin); and certain hormones 14, 28, 30 .
Of the 18 patients who were diagnosed with another pathology, namely, non-tubercular pleurisy, a positive pleural fl uid in-house nPCR result was detected for only one patient. This result was considered a false-positive nPCR result in this patient, as the gold standard evaluation did not indicate any paucibacillary forms of the disease. Additionally, this test should be evaluated together with clinical and epidemiological criteria, along with an anti-TB treatment, before the possibility of reactivation or asymptomatic disease can be determined 31 .
The low pleural fl uid mycobacteria detection sensitivity of the nPCR technique demonstrated in this study was similar to what was observed in other studies. Lima et al.
24 studied a total of 45 patients (16 with pleural TB) and reported a sensitivity of 31.3% and a specificity of 96.6%. In contrast, Nagesh et al. 23 reported a sensitivity of 70% and a specifi city of 100% in their study with 60 pleural effusion patients, of which 20 were due to tubercular causes. Liu et al. 12 reported a sensitivity of 43.3% and a specifi city of 95.5% in 163 suspected patients with negative smear tests. Kumar et al.
6 obtained a sensitivity of 51.7% and a specifi city of 100% in the nested nPCR results from 100 pleural effusion patients, 58 of which were tubercular in nature.
Regarding the evaluation of blood and/or urine sample inhouse nPCR performance, of the 18 non-pleural TB patients (but who were classifi ed as carriers of other pulmonary pathologies), five positive patients were detected. These patients were considered false positives. In contrast, following clinical and epidemiological history analyses, it was determined that all of these patients had a history of previously being in contact with an adult with bacilliferous TB in the past two years; therefore, the presence of latent TB cannot be excluded, even if no reaction was observed with the tuberculin test, given that the patients' immunity was compromised because they were carriers of diseases that led to their hospitalization. However, in seven of the 19 patients diagnosed with pleural TB, the results were considered false negative in samples, likely because of the inhibiting substances that were contained in both of the collected (blood and/or urine) samples 14, 28 .
In this study, an increase was observed in the positivity the blood and/or urine samples when compared with the pleural fl uid samples. These fi ndings agree with some studies, which argued for the possibility of the hematogenous spread of M. tuberculosis 24, 32 . Additionally, little information was available in the literature regarding urine sample assessment in PCR-based reactions for extrapulmonary TB diagnoses, except for studies evaluating PCR reactions involving the kidneys. In these studies, the in-house nPCR technique used with urine samples showed a sensitivity of 35.7% and a specifi city of 100%. Moreover, Kafwabulula et al. 33 observed a sensitivity of 55%, while Rebollo et al. 34 showed that the percentage of a positive PCR reaction in their patient urine samples was higher in human immunodefi ciency virus (HIV)-positive patients than in immunocompetent patients with TB (a sensitivity of 16% was observed in this study). Cruz et al.
14 obtained a sensitivity of 40% and a specifi city of 90.8% in urine samples from 58 pulmonary and extrapulmonary TB patients.
In a study by Sethi et al. 35 , M. tuberculosis infections in extra-pulmonary specimens (22) were detected with a higher analytical sensitivity by an mpt64 reverse transcription-PCR assay when compared with the IS6110 PCR reaction (these sensitivities were 50% vs. 18%, respectively). In our study, we observed a greater sensitivity in our nPCR system approach, even though the IS6110 target was used. This observation was especially true when considering that the test positivity rate from different types of samples from the same patient was 84.2% in comparison with specifi city of individually observed biological specimens (which was 33%). However, the higher IS6110 target test performance observed in our study was likely due to the nPCR system we used, which can be a useful tool for TB diagnoses in pleural and paucibacillary specimens.
Additionally, the performance of the nPCR in-house technique was increased when more than one biological sample from an individual patient was examined. When comparing the in-house nPCR M. tuberculosis detection results in pleural fluid, blood and/or urine specimens, increased sensitivity (33.3%, 63.2% and 84.2%) was observed. In pleural fl uid, the specifi city of the technique was 94.4%, which was higher than in the combined analysis of the three biological samples (72.2%), thus confi rming the limitation of traditional laboratory methods to identify patients with different clinical stages of TB (i.e., latency and disease).
Thus, the nPCR in-house technique may be used as an informative tool in pleural TB diagnoses. Additionally, considering the routine clinical associations, (including epidemiological and laboratory criteria), various sample types must be collected from the same patient so that all of them can be evaluated in the molecular test. Moreover, priority should be given to blood and urine in relation to pleural fl uid. In this context, invasive procedures for diagnostic confi rmation can be replaced with less-invasive sample collections, which can be taken in an outpatient clinic, thus avoiding patient hospitalizations. Finally, further studies should be undertaken using a larger group of pleural effusion patients who are not initially suspected of TB for use as negative controls.
